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® A method of manufacturing a plastic pipe (C) 
having a spiral ridge on an outer surface and a flat 
inner surface, comprising the steps of. [a] supplying 
a plastic ribbon (A) in a softened state onto a plural- 
ity of rotating forming rolls (5) arranged circularly, so 
that the plastic ribbon is spirally wound around the 
forming roils while partially overlapping to be fused 
with each other; [b] spirally winding an endless for- 
ming core belt (12) around the forming rolls in such 
a manner that the endless forming core belt is 
sandwiched between the plastic ribbon already 
wound around the forming rolls and the plastic rib- 
bon newly supplied, thereby providing the resulting 
plastic pipe (C) with a spiral ridge; (c) cutting the 
spiral ridge by means of a cutter (13) after the 
adjacent parts of the plastic n'bbon are fused with 
each other and sufficiently cooled, thereby providing 
ttie spiral ridge with a slit (14) emending along it to 
remove the endless forming core belt (12) from it; 
and (d) winding a second plastic ribbon (B) in a 
softened state around the spiral ridge to fuse the 



second plastic ribbon thereto, thereby sealing the slit 
(14). 
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Plastice pip and method and apparatus for manufacturing same 



The present invention relates to a so-called 
corrugated plastic pipe having a spiral ridge on an 
outer surface thereof, and to a method and an 
apparatus for manufacturing such a plastic pipe. 

Corrugated pfastic pipes having a spiral ridge 
on an outer -surface and a flat inner surface have 
been getting wider applications in houses and other 
constructions. 

To integrally form such corrugated plastic 
pipes having a spiral outer surface and a fiat inner 
surface, various methods are generally used as 
follows: 

[a] First spirally winding a plastic ribbon in a 
softened state with its side edges overlapped and 
fused to form an inner wall and then spirally wind- 
ing a formed plastic ribbon having a longitudinal 
ridge around the inner wall, thereby providing the 
resulting plastic pipe with a spiral ridge-and-groove 
outer surface, 

[b] Forming a piastic ribbon having a longitu- 
dinal ridge and flat side edges, and spirally winding 
the piastic ribbon with its side edges overlapped 
and fused to provide the resulting piastic pipe with 
a spiral outer surface and a fiat inner wail simulta- 
neously. 

in the above two methods, a fiat or formed 
piastic ribbon is used to provide a hollow ridge 
spirally extending on the outer surface of a piastic 
pipe. On the other hand, it is hypothetical ly possi- 
ble to use a forming core belt which is sandwiched 
between an upper piastic ribbon and a lower plastic 
ribbon, thereby providing a plastic pipe with a 
spiral ridge filled with the core belt. However, there 
is no means to remove the core belt after comple- 
tion of the plastic pipe. Therefore, this method 
cannot provide plastic pipes with hollow spiral 
ridges. 

Japanese Patent Laid-Open No. 51-37969 dis- 
closes a method of manufacturing a corrugated 
piastic pipe by using a flat plastic ribbon attached 
to the bottom surface of a forming core belt and 
fiat piastic ribbon wound over the core belt The 
forming core belt and the flat plastic ribbon are 
spirally wound around a core cylinder to form the 
corrugated piastic pipe. After solidification, the core 
belt- and the inner ribbon are removed from the 
resulting piastic pipe, thereby providing a corru- 
gated pipe having spiral surfaces on both outer and 
inner sides. This method is, however, disadvanta- 
geous in that the plastic pipe produced thereby 
cannot have a flat inner surface. 

On the other hand, with respect to an appara- 
tus for manufacturing a piastic pipe of such a 
structure, a conventional one comprises a plurality 
of rotatable forming rolls arranged on a hypotheti- 



cal cylindrical surface, one end of each rotatable 
forming roli being supported by a support base like 
a cantilever and operably connected with a driving 
means. Each rotatable forming roll is slightly in- 

5 dined with respect to the axis of the above hy- 
pothetical cylindrical surface. An extruder is posi- 
tioned near the rotatable forming roils, and an 
extruded resin ribbon is supplied to the forming 
rolis so that it is spirally wound around the forming 

10 roils with its side edges overlapped. With ail of the 
forming rolls rotating simultaneously in the same 
direction, the plastic ribbon is continuously con- 
veyed toward the tip ends of the rotatable forming 
roils while being formed into a tubuiar body with its 

is side edges overlapped. Since the plastic ribbon is 
still sufficiently hot on the rotatable forming rolls, 
the partially overlapped piastic ribbon is completely 
formed into a plastic pipe which is withdrawn con- 
tinuously' from the tip ends of the rotatable forming 

20 roils. 

in the above conventional method and appara- 
tus r however, it is generally difficult to form a spiral 
ridge on the outer surface of the plastic pipe with- 
out suffering from the deformation of the spiral 

25 ridge if the spirai ridge is hollow. This is because a 
plastic ribbon to be formed into the plastic pipe is 
in a softened state, namely in a state which en- 
ables the adjacent piastic ribbons to be fused with 
each other when overlapped. The use of a forming 

30 core belt can avoid such deformation of the spiral 
ridge, but ft suffers from the disadvantage that a 
piastic pipe containing the forming core belt is 
generally heavy and not easy to bend. 

An object of the present invention is, therefore, 

35 to provide a corrugated piastic pipe having a spiral 
ridge on an outer surface and a substantially flat 
inner surface, and to provide a method and appara- 
tus for manufacturing such a plastic pipe. 

In view of the above object, the inventors have 

40 found that such a corrugated plastic pipe can be 
produced by using a forming core belt to ensure 
the formation of a spiral ridge of accurate shape, 
cutting the resulting spiral ridge to remove the core 
belt and closing the cut ridge with another plastic 

4$ ribbon. 

Thus, viewed from one aspect the invention 
provides a piastic pipe having a spiral ridge on an 
outer surface and a substantially flat inner surface 
which covers the bottom of said spiral ridge, con- 

50 stituted by a spirally wound plastic ribbon compris- 
ing at least ohb ridge-shaped deformation extend- 
ing longitudinally and provided with a longitudinal 
slit, and flat portions extending on both sides of 
said ridge-shaped deformation, at least adjacent 
flat portions of the plastic ribbon being fused with 
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each other so that the fused flat portions provide at 
least part of said substantially flat inner surface, 
and said longitudinal slit being sealed with a sec- 
ond plastic ribbon fused to said spiral ridge. 

In general, the spiral ridge on the outer surface 
of the pipe will be hollow. 

Viewed from another aspect the invention pro- 
vides a method of manufacturing a plastic pipe 
having a spiral ridge on an outer surface and a 
substantially fiat inner surface, comprising the 
steps of: 

[a] supplying a plastic ribbon In a softened 
state onto a plurality of rotating forming rolls ar- 
ranged circularly, so that said plastic ribbon is 
spirally wound around said forming roils while par- 
tially overlapping, such that overlapping parts are 
fused with each other; 

[b] spirally winding an endless forming core 
belt around said forming rolls in such a manner 
that said endless forming core belt is sandwiched 
between the plastic ribbon already wound around 
said forming rolls and the plastic .ribbon newly 
supplied, thereby providing the resulting plastic 
pipe with a spiral ridge: 

[c] cutting said spiral ridge after the overlap- 
ping parts of the plastic ribbon are fused with each 
other and sufficiently cooled, thereby providing 
said spiral ridge with a slit extending along it to 
remove said endless forming core belt from it; and 

[d] winding a second plastic ribbon in a 
softened state around said spiral ridge to fuse said 
second plastic ribbon thereto, thereby sealing said 
slit. 

viewed from a further aspect the invention pro- 
vides apparatus for manufacturing a plastic pipe 
having a spiral ridge on an outer surface and a 
substantially fiat inner surface, comprising: 

[a] a plurality of rotatable forming roils ar- 
ranged circularly: 

[b] first means positioned near the rear ends 
of said rotatable forming rolls for supplying a plas- 
tic ribbon in a softened state to said rotatable 
forming roils; 

[c] an endless forming core belt, part of 
which "is wound around said rotatable forming roils 
in such a manner that said endless forming core 
belt is sandwiched between the plastic ribbon al- 
ready wound around said rotatable forming roils 
and the plastic ribbon newly supplied from said 
first means, thereby providing said resulting plastic 
pipe with a spiral ridge: 

[d] a cutter for providing the spiral ridge with 
a slit extending along it to remove said endless 
forming core belt therefrom; and 

[e] second means provided on the down- 
stream of said cutter for supplying a second plastic 
ribbon which is to be fused to said spiral ridge to 
seal said slit 



Some embodiments of the invention will now 
be described by way of example and with refer- 
ence to the accompanying drawings, in which:- 

Rg. 1 is a side view showing the method of 
5 manufacturing a plastic pipe according to one em- 
bodiment of the present invention; 

Fig. 2 is a side view of the apparatus for 
manufacturing a plastic pipe according to one em- 
bodiment of the present invention; 
70 Fig. 3 is a front view of the apparatus of Fig, 

2; 

Fig. 4 is a cross-sectional view of the ap- 
paratus of Fig. 2; 

Fig. 5 is a partially cross-sectional, side view 
75 of the important portion of Fig. 1; 

Fig. 6 is a cross-sectional view of the plastic 
ribbon according to one embodiment of the present 
invention; 

Fig. 7 is a cross-sectional view of the plastic 
20 ribbon according to another embodiment of the 
present invention; 

Fig. 8 is an enlarged cross-sectional view 
showing the production of a spiral ridge on the 
outer surface of a plastic pipe according to one 
25 embodiment of the present invention: 

Fig. 9 is an enlarged cross-sectional view 
showing a spiral ridge of the plastic pipe having a 
narrow plastic ribbon fused thereto; 

Fig. 10 is an enlarged cross-sectional view of 
so the plastic ribbon according to a further embodi- 
ment of the present invention; 

Figs. 11 A and 118 are enlarged cross-sec- 
tionai views showing the production of a spiral 
ridge on the outer surface of a plastic pipe accord- 
35 ing to another embodiment of the present inven- 
tion; 

Fig, 12 is an enlarged cross-sectional view of 

the spiral ridge produced by the method shown in 

Figs. 11 A and 11 B; 
40 Figs. 13-16 are enlarged cross-sectional 

views of the plastic ribbons whose slits on their 

ridges are sealed by various plastic ribbons; 

Fig. 17 is an enlarged cross-sectional view 

showing the production of a spiral ridge on the 
4s outer surface of a plastic pipe according to a 

further embodiment of the present invention; 

Fig, 18 is a side view showing the method of 

manufacturing a plastic pipe according to another 

embodiment of the present invention; 
so Rg. 19 is an end view showing the relations 

of a plastic ribbon, an endless forming core belt, an 

endless second forming belt and a narrow plastic 

ribbon; 

Rg, 20 is an end view showing the relations 
55 of a plastic ribbon, an endless forming core belt 
and an endless second forming belt; 
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Fig. 21 is a schematic view showing the 
circulation of an endless forming core belt accord- 
ing to a still further embodiment of the present 
invention; 

Fig. 22 is a cross-sectional view of the ap- 
paratus for manufacturing a plastic pipe according 
to a still further embodiment of the present inven- 
tion: 

Fig. 23 is an end view showing the relation 
between a plastic ribbon and an endless forming 
core belt according to a still further embodiment of 
the present invention; and 

Fig. 24 is an enlarged cross-sectional view 
showing the production of z spiral ridge on the 
outer surface of a plastic pipe according to a still 
further embodiment of the present invention. 

Referring to Fig. 1, the apparatus of this em- 
bodiment comprises a base 1 , a support piate 2, a 
plurality of support rods 3 for fixing the support 
plate 2 to "the base 1 * a central shaft 4 extending 
from the base 1 and rotatably supported by the 
base 1 and the support plate 2 via bearings. 

Movabiy mounted on the central shaft 4 is a 
first operating means comprising a first movable 
member 8a threadably engaging the central shaft 4 
and a plurality of first link rods 9a pivotally con- 
nected to the first movable member 8a. The first 
link rods 9a extend from the first movable member 
8a radially with equal intervals. Likewise, a second 
operating means comprising a second movable 
member 8b is threadably mounted on the central 
shaft 4, and link rods 9b are pivataliy connected to 
the second movable member 8b and extend there- 
from radially with equal intervals. It is to be noted 
that the-.direction of threading is just opposite be- 
tween the first movable member 8a and the second 
movable member 8b, so that the rotation of the 
central shaft 4 can move the first and second 
movable members 8a, 8b in opposite directions. 

This apparatus comprises a plurality of rotat- 
able forming rolls 5 pivotally connected to the link 
rods 9a, 9b at both ends. Therefore, a cylindrical 
envelope formed by the forming roils 5 can be 
expanded or shrunk by rotating the central shaft 4. 

An extruder 10 having a die 11 with a slit 
orifice is positioned near the rear ends of the 
forming rolls 5 to supply a flat plastic ribbon A 
thereto. However, it should be noted that the ex- 
truder die 11 may have an orifice capable of pro- 
viding a plastic ribbon with one or more longitudi- 
nal, rfdge-shaped deformations. The plastic ribbon 
A is then spirally wound around the forming rolls 5 
with its side edges overlapped. The spiral winding 
of the plastic ribbon A is caused by slight inclina- 
tion of the forming rolls 5 as explained in detail 
below. 

An endless forming core belt 12 is sandwiched 
between the plastic ribbon already wound around 



the forming rolls and the plastic ribbon newly sup- 
plied from the extruder 10. Because the plastic 
ribbon A just coming from the extruder 10 is still 
hot, it is sufficiently soft. Accordingly, it is easily 

s deformed along the forming core belt 12 to provide 
a ridge-shaped deformation. This soft state of the 
plastic ribbon is generally called "softened state 1 ' 
herein. It should be noted that instead of the ex- 
truder 10, a heater for heating a plastic ribbon to 

w soften it may be used. 

The plastic ribbon A thus containing the for- 
ming core belt 12 moves toward the tip ends of the 
forming rolls 5 while being spirally wound around 
them with its side edges overlapped and fused with 

15 each other. The forming core belt 12 is also spirally 
wound around the forming rolls 5 in the spiral ridge 
of the resuming plastic pipe C. After several turns, 
the plastic ribbon A spirally wound and fused is 
sufficiently cooled and so solidified. 

20 A cutter 13 is provided near the forming rolls 5 
to cut the spiral ridge of the resulting plastic pipe C 
after it has sufficiently solidified. Since the spiral 
ridge is strongly supported by the forming core 
belt 12 contained therein, it is easily cut without 

25 deformation. After cutting, the forming core belt 12 
is withdrawn from the spiral ridge through a slit 14 
given by the cutter 13 and goes back to the origi- 
nal position at which it is sandwiched by the upper 
and lower plastic ribbons. 

30 A second extruder 15 with a small, flat die 16 
is positioned, near the forming rolls on the down- 
stream of the cutter 13 to supply a second plastic 
ribbon B similarly in a softened state onto the spiral 
ridge of the plastic pipe C. The second plastic 

35 ribbon B has a width capable of sufficiently cover- 
ing the slit 14. Since the top surface of the spiral 
ridge is relatively narrow, the second plastic ribbon 
B may be narrow. The second plastic ribbon B, 
which is still hot when it reaches the spiral ridge, is 

40 easily fused to the spiral ridge, thereby sealing the 
slit Thus, the corrugated plastic pipe having a 
hollow spiral ridge on an outer surface and a fiat 
inner surface can be manufactured continuously. 
The apparatus for manufacturing such a cor- 

45 rugated plastic pipe according to a preferred em- 
bodiment of the present invention will be explained 
in detail below. 

Referring to Figs. 2-4, the apparatus for 
manufacturing a plastic pipe comprises a base 21 , 

so a support piate 22, a plurality of support rods 23 
for fixing the support plate 22 to the base 21 1 a 
central shaft 24 extending from the base 21 and 
rotatably supported by the base 21 and the support 
plate 22 via bearings 25, 26. 

55 According to this embodiment, the support 
plate 21 is provided with 6 radial slots 43 extending 
from near the bearing 26 to near a periphery of the 
support plate 22 with equal circular intervals as 
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shown in Fig. 3. The support plate 22 is also 
fixedly provided with a lateral support member 36 
extending laterally from the support plate 22 and 
having 6 support biades radially projecting there- 
from with equal circular intervals. 

The central shaft 24 has a first threaded portion 
31a at a tip end thereof, a second threaded portion 
31b near the support plate 22 on the same side as 
the first threaded portion 31a, and a third threaded 
portion 31c near the support plate 22 on the op- 
posite side to the first and second threaded por- 
tions 31a, 31b. The first threaded portion 31a and 
the second threaded portion 31b have the same 
spiral direction, and the third threaded portion 31c 
has an opposite spiral direction to those of the first 
and second threaded portions 31a, 31b. 

Movably mounted on the first threaded portion 
31a is a first operating means comprising a first 
movable member 32a having a threaded inner wall 
threadabiy engaging the first threaded portion 31a, 
and a plurality of first link rods 35a pivotaliy con- 
nected to the first movable member 32a. The first 
link rods 35a extend from the first movable mem- 
ber 32a radially with equal intervals. In this embodi- 
ment, the number of the first link rods 35a is 6. 
Likewise, a second operating means comprises a 
second movable member 32b threadabiy mounted 
on the second threaded portions 31b, and 6 link 
rods 35b pivotaliy connected to the second mov- 
able member 32b and extending therefrom radially 
with equal intervafs. And a third operating means 
comprises a third movable member 32c threadabiy 
engaging the third threaded portion 31c, and 6 link 
rods 35c pivotaliy connected to the third movable 
member 32c and extending therefrom radially with 
equal intervals. 

The apparatus for manufacturing a plastic pipe 
according to this embodiment comprises a plurality 
of [5] rotatabte forming rolls 27, and a tip end of 
each rotatable forming roll 27 is pivotaliy supported 
by one of the first link rods 35a at a tip end thereof 
via a first bearing 28, and a rear end of each 
rotatable forming roll 27 is pivotaliy supported by 
each second and third link rod 35b, 35c and flexi- 
bly connected with a flexible fink means, which will 
be described in detail below. 

Each flexible link means comprises a short 
shaft 27b connected to a roll body 27a of each 
rotatable forming roll 27 via a universal joint 30, a 
link rod 46 connected to the short shaft 27b via a 
universal joint 44, and a shaft 47 connected to the 
link rod 46 via a universal joint 45 and rotatably 
supported by bearings mounted on a front wall 21 a 
and a rear wall 21b of the base 21 . The short shaft 
27b is rotatably supported by a second bearing 29 
which is slidably received in the radial slot 43 of 
the support plate 22. The second bearing 29 is 
pivotaliy supported by the second link rod 35b and 



the third link rod 35c on both sides with respect to 
the support plate 22. 

In this embodiment, a tubular body 37 is fixed 
to the lateral support piate 36 in such a manner 

s that it surrounds the central shaft 24. The tubular 
body 37 has a flange 37a at a tip end thereof, 
which is fixed to a flange 38a of an inner tube 
member 38 surrounding the Central shaft 24 with a 
small gap which permits the central shaft 24 to 

10 rotate freely in the inner tube member 38. The 
inner tube member 38 is provided with a spline 
extending axially on an outer surface thereof, and 
an outer tube member 39 fixed to the first movable 
member 32a is provided, on an inner surface there* 

is of, with an axial spline engageable with the spline 
of the inner tube rromber 38. Because of this 
structure, the first movable member 32a can move 
back and forth along the central shaft 24 without 
rotation by the rotation of the central shaft 24. 

20 Incidentally, by changing an angular position of 
either of the inner tube member 38 or the outer 
tube member 3Q around the axis of the central 
shaft 24, the direction of each rotatable forming roll 
27 can be adjusted along the axis of the central 

25 shaft 24. Preferably, the notatabfe forming roils 27 
are slightly inclined on an envelope formed thereby 
as shown in Fig. 3. The angular adjustment of the 
first movable member 32a can also be achieved by 
changing the angular position of the inner tube 

30 member 38 relative to the tubular body 37. 

The lateral support plate 36 has a stopper 42 
around the central shaft 24 t which regulates the 
leftward movement of the second movable member 
32b. Likewise, a lateral support plate 40 fixed to the 

35 support plate 22 has a stopper 41 around the 
central shaft 24, which regulates the rightward 
movement of the third movable member 32c. Due 
to the stoppers 41, 42, a minimum radius of the 
envelope formed by the rotatable forming roils 27 

40 is determined. 

The central shaft 24 is fixedly provided with a 
gear 33 operably engageable with a timing belt 34 
which is connected with a driving means [not 
shown). Through the timing belt 34 and the gear 

46 33, the central shaft 24 is rotated independently of 
the rotatable forming rolls 27. 

As is clearly shown in Fig. 4, each shaft 47 is 
fixedly provided with a small gear 48 meshed with 
a large gear 50 fixed to a shaft rotatably supported 

so by the base 21 via a bearing 49, and the above 
shaft is connected with a driving means M. Since 
each of the small gears 48 is meshed with the 
large gear 50, the rotatable forming roils 27 rotate 
simultaneously in the same direction. 

55 An extruder 51 with a die 52 is positioned near 

the rear or root portions of the rotatable forming 
rolls 27, and an extruded plastic ribbon "A" is 
supplied to the forming rolls 27 as in Fig. 1 , so that 
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it is continuously wound around the rotatable for* 
ming rolls 27 with its side edges overlapped* 

With the above-described apparatus, the manu- 
facturing of a plastic pipe will be described in detail 
below. 

First to achieve the desired radius of envelope 
formed by the rotatable forming roils 27, the central - 
shaft 24 is rotated leftward or rightward to move 
the first second and third movable members 32a, 
32b, 32c along the central shaft 24 by the desired 
distance. Since the first threaded portion 31a and 
the second threaded portion 31b have the same 
spiral direction and the third threaded portion 31c 
has an opposite spiral direction, the first movable 
member 32a and the second movable member 32b 
move in the same direction while the third movable 
member 32c moves in the opposite direction. Be* 
cause the rotatable forming rolls 27 are supported 
by the first second and third movable members 
32a t 32b, 32c via pi'votaify movable (ink rods 35a, 
35b, 35c, the radial positions of the rotatable for* 
ming rolls 27 are changed by axially moving the 
movable members 32a, 32b, 32c. In other words, 
the radius of the envelope formed by the rotatable 
forming roils 27 is adjusted by rotating the central 
shaft 24, so that a plastic pipe to be formed can 
have the desired diameter. 

With this position, each rotatable forming rolf 
27 is rotated simultaneously in the same direction 
via each flexible link means operabiy connected 
with the motor M. The plastic ribbon "A" ejected 
from the extruder 51 through the die 52 with the 
desired inclination with respect to the axis of the 
central shaft 24- is supplied onto the rotatable for- 
ming rolls 27. The rotation speed of the rotatable 
forming rolls 27 and the inclination and supply 
speed of the plastic ribbon ,f A n are adjusted so that 
the plastic ribbon "A" is wound around the rotat- 
able forming roils 27 with its side edges over* 
lapped to the desired degree. Since the plastic 
ribbon "A" is still hot when overlapped, the partially 
overlapped plastic ribbon is integrally formed into a 
plastic pipe which is continuously withdrawn from 
the tip ends of the rotatable forming rolls 27. 

Next, if a plastic pipe of a different diameter is 
desired, the central shaft 24 is rotated to cause the 
rotatable forming rolls 27 to have the desired ra- 
dius of envelope via the operating means. Like this, 
changing tjie radius of envelope of the rotatable 
forming roils 27 can easily be conducted simply by 
rotating the central shaft 24. 

In the above apparatus the circular arrange* 
ment of the rotatable forming roils 27 is change- 
able, but it should be. noted that the rotatable 
forming rolls 27 need not be changeable as in 
conventional apparatuses for the purpose of the 
present invention. 

Rg. 5 shows in detail* how a plastic pipe is 



manufactured by the apparatus of Fig. 1 according 
to this embodiment of the invention. As explained 
in connection with Fig. 1, the plastic ribbon A is 
spirally wound with partial overlapping, and the 

s forming core belt 12 is sandwiched between the 
overlapped portions of the plastic ribbon A, thereby 
providing the resulting plastic pipe C with a spiral 
ridge. In order to ensure the formation of the spiral 
ridge of accurate shape, a second forming belt 18 

70 is wound around the plastic pipe C by a couple of 
turns, In this embodiment, the second forming belt 
18 ts endless, and so a guide roil [not shown] is 
used to circulate it However, it should be noted 
that one or more independent second forming belts 

is 18 may be used for the same purpose, in this 
case, each second forming belt 1 8 is pulled down- 
wardly by a weight or any other means. In any 
case, the second forming belt 18 is received in a 
groove between the adjacent spiral ridges formed 

so on the outer surface of the plastic pipe C. There- 
fore, the second forming belt 18 should have a 
complementary cross section to that of the endless 
forming core belt 12. If the forming core belt 12 
has a trapezoidal cross section, the second forming 

25 belt 18 should also have a trapezoidal cross sec- 
tion. 

As in Fig. 1, the cutter 13 provides the spiral 
ridge of the plastic pipe C with a slit 14 extending 
along the spiral ridge. This slit 14 makes it possible 

30 to remove the forming core belt 12 from the spiral 
ridge of the plastic pipe C. Since the spiral ridge of 
the plastic pipe C is cut after it is fully cooled and 
solidified, the spiral ridge can retain its original 
shape even after removing the forming core belt 12 

35 through the slit 14. Rnally, the narrow second 
plastic ribbon 8 supplied from the extruder 15 is 
wound around the spiral ridge. Since the narrow 
plastic ribbon B is stlli hot and soft when it reaches 
the spiral ridge, it is easily fused to the spiral ridge 

Ao to seal the slit 1 4. 

Rg. 8 shows a cross section of the plastic 
ribbon A formed into the plastic pipe C manufac- 
tured by the method shown in Fig, 5, This plastic 
ribbon A has a ridge-shaped deformation 60, a 

45 narrow side portion 61 and a wide side portion 62. 
Since the ridge-shaped deformation 60 has a 
trapezoidal cross section, it has a top wall 63 which 
is to be cut. Also, since the plastic pipe formed 
from the plastic ribbon A should have a flat inner 

so surface, the plastic ribbon A should be spirally 
overlapped In such a manner that the narrow side 
portion 61 and part of the wide side portion 62 of 
the plastic ribbon A should be fused to the wfde 
side portion 62 of the preceding plastic ribbon A 

55 [already wound around the forming rolls]. In this 
sense, the narrow side portion 61 may be called 
"front side portion/ and the wide side portion 62 
"rear side portion." 
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Fig. 7 shows a plastic ribbon A having a notch 
64 on the top wall 63 of the ridge-shaped deforma- 
tion 60, Except for that, it is just the same as the 
plastic ribbon A of Fig. 6. 

Fig. 8 schematically shows the production of 
the spiral ridge from the plastic ribbon A shown in 
Fig. 6. As explained above, the narrow [front] side 
portion 61 and part of the wide [rearj side portion 
62 of the plastic ribbon A is fused to the wide 
[rear] side portion 62 of the preceding plastic rib- 
bon A, and a plurality of the second forming beits 
18 are received in spiral grooves defined by the 
spiral ridges. The spiral ridge is then provided with 
a slit 14 by the cutter 13 to remove the endless 
forming core beft 12. T7ie hollow spiral ridge thus 
produced is coated with the narrow plastic ribbon B 
fused thereto, whereby the sift 14 is completely 
sealed. 

Fig. 9 shows in detail a typical example of the 
spiral ridge 60 coated with the narrow plastic rib- 
bon B. Since the narrow plastic ribbon B is fused 
to the top wail 63 of the spiral ridge 60, the siit 14 
is filled with part of the narrow plastic ribbon B as 
clearly shown in Fig. 9. 

Fig. 10 shows another example of the plastic 
ribbon A formed into the plastic pipe C. In this 
. example, the plastic ribbon A has two ridge-shaped 
deformations 70, 70', a narrow side portion 71, a 
wide side portion 73 and an intermediate portion 
72. Figs. 11 A and 11B show in detail the produc- 
tion of the spiral ridge from the piastic ribbon A of 
Fig. 10. The ridge-shaped deformation 70 covers 
the underlying ridge-shaped deformation 70' of the 
preceding piastic ribbon A previously wound ar- 
ound the forming rolls, and the intermediate portion 
72 and the wide side portion 73 of the plastic 
ribbon A are fused to the wide side portion 73 of 
the preceding piastic ribbon. Also, the narrow side 
portion 71 of the plastic ribbon A is fused to the 
intermediate portion 72 of the preceding plastic 
ribbon. Thus, the plastic ribbon* A is continuously 
overlapped and fused to form the piastic pipe C 
with a single spiral ridge. Grooves defined by the 
spiral ridges are filled with second forming belts 18 
which serve to form the spirai ridges of accurate 
shape in cooperation with the forming core belt 12. 
Of course, the second forming belts 18 may be a 
single endless forming belt wound around the plas- 
tic pipe C or individual belts each pulled downwar- 
dly by a weight. After sufficiently cooled and solidi- 
fied, the spirai ridge is cut by a cutter 13 to provide 
a slit 14 which makes it possible to remove the 
forming core belt 12 contained therein. Finally, the 
slit 14 of the spiral ridge is sealed by a narrow 
plastic ribbon B fused to the spirai ridge. The spiral 
ridge thus completed is hollow as indicated by 
reference numeral 75 in Figs. 11B and 12. 

Figs. 13-16 show the plastic ribbons A coated 



with various, narrow plastic ribbons B to seal their 
slits. In any case, what is important is to com- 
pletely cover the slit with the narrow piastic ribbon 
B. 

5 Fig. 17 shows a further example of the spirai 
ridge, which has a part*circular cross section. In 
this example, the endless forming core belt 12' of a 
semicircular cross section Is used. With this end- 
less forming core belt 12*. the spiral ridge can be 

10 produced in the same manner as above. 

Fig. 18 shows a still further example of the 
apparatus according to the present invention. The 
apparatus per se is substantially the same as that 
of Figs. 2-4. In this apparatus, an endless forming 

75 core belt 112 and a second endless forming belt 
113 are wound around the forming rolls 27 via 
guide rods 122, 124, respectively. 

One example of the circulation of the endless 
forming core belt 112 and the second endless 

20 forming belt 113 is shown in Fig. 19. in this exam- 
ple, both the forming core belt 112 and the second 
forming belt 113 are wound around the forming 
rolls 7 and circulate through the guide roils 122, 
124, respectively. Fig. 20 shows another example 

25 of the circulation of the second forming bett 1 13, in 
which the second forming belt 113 circulates 
through a pulley 125 pulled downwardly by a 
weight 126. 

Fig. 21 schematically shows a still further ex- 

30 ample of the circulation of an endless forming core 
belt 250. in this example, a rotatable means D is 
positioned near the plastic pipe C wound around 
the forming rolls of the apparatus of the present 
invention, and the endless forming core belt 250 

35 circulates among the forming rolls, the rotatable 
means D and a guide roll 251, Specifically speak- 
ing, the endless forming core belt 250 is supplied 
to the forming rolls In such a manner that it is 
sandwiched between the preceding plastic ribbon A 

40 already wound around the forming rolls and the 
plastic ribbon A newly supplied, and wound around 
the forming rolls by a plurality of turns toward the 
tip ends of the forming rolls while being sand- 
wiched between the upper and lower plastic ribbon 

46 portions overlapped and fused with each other. The 
endless forming core belt 250 is then spirally 
wound around the rotatable means 0 by a plurality 
of turns in the opposite direction, namely toward 
the rear end of the rotatabie means 0. It finely 

so goes back to the forming rolls through the guide 
roll 251. 

Fig. 22 shows a specific example of an appara- 
tus in which the endless forming core belt 250 
circulates in a manner shown in Fig. 21. The ap- 
55 paratus of manufacturing a plastic pipe k itself has 
substantially the same structure as that shown in 
Figs. 2-4, except for some minor differences. The 
apparatus comprises a central shaft 204 rotatably 
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supported by a base 201, first, second and third 
movable members 21 2a, 212b, 212c, link rods 
215a, 215b, 215c pivotaiiy connected to the first 
second and third movable members 212a r 212b, 
212c, respectively, forming rolls 207 pivotaiiy sup- 
ported by the link rods 215a, 215b, 21 5c, short 
rods 210 connected to the forming rolls 207 via 
universal joints 223, and link rods 226 connected to 
the short rods 210 via universal joints 224 and also 
connected, via universal joints 225 t to rods driven 
by a motor M through gears. Mounted to the base 
201 in parallel with the forming rolls 207 is the 
rotatable means D which comprises a second cen- 
tral shaft 230 rotatably supported by the base 201 , 
first and second movable members* 231a, 231b, 
link rods 232a, 232b pivotaiiy connected to the first 
and second movable members 231a, 231b, respec- 
tively, and rotatable rolls 233 pivotaiiy supported 
by the link rods 232a, 232b at both ends. The first 
and second movable members 231a, 231b can 
move along the second central shaft 230 back and 
forth in opposite directions by rotating the second 
central shaft 230 in the same manner as the first 
and third movable members 212a, 212c. 

The endless forming core beit 250 circulates 
between the forming rolls 207 and the rotatable 
rolls 223. Because of this configuration, smooth 
circulation of the endless forming core belt 250 is 
ensured. Incidentally, a second forming belt 260 
may also be circulated similarly. 

Fig. 23 shows a still further example of manu- 
facturing a plastic pipe according to the present 
invention* In this example, an endless forming core 
belt 312 passes through a die 311 of an extruder 
310 so that a piastre ribbon A ejected from the 
extruder 310 has the endless forming core belt 312 
embedded therein. The plastic ribbon A produced 
by this method of Fig, 23 is formed into a plastic 
pipe as shown in Fig. 24. The plastic ribbon A has 
a ridge containing the endless forming core belt 
12', so that the side portions of the adjacent plastic 
ribbons are overlapped and fused with each other. 
After completion of the spiral ridge on the outer 
surface of the plastic pipe C, cutting of the spiral 
ridge with a cutter 13, removing the endless for- 
ming core belt 12' therefrom and fusing a narrow 
plastic ribbon B to the spiral ridge to seal a slit 14' 
can be conducted in the same way as described 
above. 

The pJastic ribbon A and the narrow plastic 
ribbon B used in the present invention may be 
made of various thermoplastic resins such as poly- 
ethylene, polypropylene and other polyolefins, 
polyvinyl chforide, etc. The plastic ribbon A and the 
narrow plastic ribbon B may be made of the same 
materials, but it is possible that the plastic ribbon A 
is made of soft resins and the narrow plastic ribbon 
B is made of relatively hard resins. 



With respect to the endless forming core belt, 
it may be made of various materials such as hard 
rubbers,, synthetic resins, leathers, etc* it may also 
be made of metals such as aluminium as long as it 

5 consists of separate beit blocks attached to an 
endless flexible support member. Also, it may have 
various cross section, such as a trapezoidal or 
semicircular cross section, depending upon what 
spiral ridge is -required. 

70 As described above, since the spiral ridge of 
the plastic pipe according to the present embodi- 
ments of the invention is formed by first forming it 
with the endless forming core belt, cutting the 
spiral ridge ta remove the forming core belt 

is through a slit and then sealing the slit of the spiral 
• ridge with a narrow plastic ribbon, it can be made 
hollow without deformation. Thus, the plastic pipe 
has a spiral ridge of accurate shape on the outer 
surface. Further, it has a flat inner surface. In this 

20 connection, please note that although the attached 
figures show relatively uneven inner surfaces of the 
plastic pipes, this is to emphasize the relation of 
adjacent plastic ribbons in the plastic pipe of the 
present invention, and that their inner surfaces are 

25 substantially flat because the plastic ribbons are 
deformed, when it is sufficiently soft, by the for- 
ming rolls in the spiral winding operation. 

The present invention has been explained re- 
ferring to the attached drawings, but it should be 

30 noted that it is not restricted thereto and that modi- 
fications and changes are possible. 

It is to be clearly understood that there are no 
particular features of the foregoing specification, or 
of any claims appended hereto, which are at 

35 present regarded as being essential to the perfor- 
mance of the present invention, and that any one 
or more of such features or combinations thereof 
may therefore be included in, added to, omitted 
from or deleted from any of such claims if and 

40 when amended during the prosecution of this ap- 
plication or in the filing or prosecution of any di- 
visional application based thereon. Furthermore the 
manner in which any of such features of the speci- 
fication or claims are described or defined may be 

45 amended, broadened or otherwise modified in any 
manner which falls within the knowledge of a per- 
son skilled in the relevant art, for example so as to 
encompass, efther implicitly or exQllcitly t equiv- 
alents or generalisations thereof. 

50 

Claims 

1. A plastic "pipe having a spiral ridge on an 
55 outer surface and a substantially flat inner surface 
which' covers the bottom of said spiral ridge, con- 
stituted by a spirally wound plastic ribbon compris- 
ing at least one ridge-shaped deformation extend- 
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ing longitudinally and provided with a longitudinal 
slit, and fiat portions extending on both sides of 
said ridge-shaped deformation, at least adjacent 
flat portions of the plastic ribbon being fused with 
each other so that the fused fiat portions provide at 
feast part of said substantially flat inner surface, 
and said longitudinal slit being sealed with a sec- 
ond plastic ribbon fused to said spiral ridge. 

2. A plastic pipe according to claim 1 , wherein 
said plastic ribbon comprises one ridge-shaped 
deformation extending longitudinally and provided 

with a longitudinal slit, a narrow, flat side portion 
extending on the front side of said ridge-shaped 
deformation, and a wide, flat side portion extending 
on the rear side of said ridge-shaped deformation, 
the front and rear side portions of said plastic 
ribbon being fused to the rear side portion of the 
preceding part of the plastic ribbon so that the 
bottom of said spiral ridge is covered with the rear 
side portion of said plastic ribbon. 

3. A plastic pipe according to claim 1 , wherein 
said plastic ribbon comprises two ridge-shaped de- 
formations each extending longitudinally and pro- 
vided with a longitudinal slit, a narrow, flat side 
portion extending on the front side of a front ridge- 
shaped deformation, a wide, flat side portion ex- 
tending on the rear side of a rear ridge-shaped 
deformation, and an intermediate, fiat portion ex- 
tending between said front ridge-shaped deforma- 
tion and said rear ridge-shaped deformation, the 
front ridge-shaped deformation of said plastic rib- 
bon being fused to the underlying rear ridge- 
shaped deformation of the preceding part of the 
plastic ribbon so that the front side portion of said 
plastic ribbon is fused to the intermediate portion of 
the preceding part of the plastic ribbon, and the 
intermediate portion and the rear side portion of 
said plastic ribbon being fused to the rear side 
portion of the preceding part of the plastic ribbon. 

4. A plastic pipe according to claim 1 , 2 or 3 
wherein the. or each ridge-shaped deformation has 
a substantially trapezoidal cross section- 

5. A plastic pipe according to claim 1, 2 or 3 
wherein the or each ridge-shaped deformation has 
a semicircular cross section. 

6. A method of manufacturing a plastic pipe 
having a spiral ridge on an outer surface and a 
substantially flat inner surface, comprising the 
steps of: 

[a] supplying a plastic ribbon in a softened 
state onto a plurality of rotating forming rolls ar- 
ranged circularly, so that said plastic ribbon is 
spirafly wound around said forming rolls while par- 
tially overlapping, such that overlapping parts are 
fused with each other; 

[b] spirally winding an endless forming core 
belt around said forming rolls in such a manner 
that said endless forming core belt is sandwiched 



between the plastic ribbon already wound around 
said forming roils and the plastic ribbon newly 
supplied, thereby providing the resulting plastic 
pipe with a spiral ridge; 

5 [c] cutting said spiral ridge after the overlap- 

ping parts of the plastic ribbon are fused with each 
other and sufficiently cooled, thereby providing 
said spiral ridge with a slit extending along it to 
remove said endless forming core belt from it; and 

w [d] winding a second plastic ribbon in a 

softened state around said spiral ridge to fuse said 
second plastic ribbon thereto, thereby sealing said 
slit. 

7. A method of manufacturing a plastic pipe 
75 according to claim 6, further comprising the step of 

spirally winding a second forming belt so that ft is 
received in a spiral groove between the adjacent 
ridges of said plastic pipe to ensure the formation 
of the spiral ridge of accurate shape in cooperation 
20 with said endless forming core belt. 

8. A method of manufacturing a plastic pipe 
according to claim 6, further comprising the step of 
placing at least one second forming belt in each 
spiral groove between the adjacent ridges of said 

25 plastic pipe and pulling it downwardly to ensure the 
formation of the spiral ridge of accurate shape in 
cooperation with said endless forming core belt 

9. Apparatus for manufacturing a plastic pipe 
having a spiral ridge on an outer surface and a 

30 substantially flat inner surface, comprising: 

[a] a plurality of rotatable forming roils ar- 
ranged circularly; 

[b] first means positioned near the rear ends 
of said rotatable forming roils for supplying a plas- 

35 tic ribbon in a softened state to said rotatable 
forming rolls; 

[c] an endiess forming core belt, part of 
which is wound around said rotatable forming rolls 
in such a manner that said endiess forming core 

40 belt is sandwiched between the plastic ribbon al- 
ready wound around said rotatable forming rolls 
and the plastic ribbon newly supplied from said 
first means, thereby providing said resulting plastic 
pipe with a spiral ridge: 

45 [d] a cutter for providing the spiral ridge with 

a slit extending along it to remove said endiess 
forming core belt therefrom; and 

[e] second means provided on the down- 
stream of said cutter for supplying a second plastic 

so ribbon which is to be fused to said spiral ridge to 
seal said slit. 

10. Apparatus for manufacturing a plastic pipe 
according to claim 9, wherein said endiess forming 
core belt is provided on the top surface thereof 

55 with a longitudinal groove adapted to receive said 
cutter during the cutting operation of said spiral 
ridge. 
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11. Apparatus for manufacturing a piastre pipe 
according to claim 9 or 10, further comprising a 
rotatable means and a guide roll both positioned 
near said rotatable forming roils, said endless for- 
ming core beit circulating them in such a manner $ 
that It is first wound around said rotatable forming 
roils and then wound around said rotatable means 

and goes back to said rotatable forming rolls 
through said guide roil. 

12. Apparatus for manufacturing a plastic pipe w 
according to claim 11, wherein said rotatable 
means comprises a plurality of second rotatable 

roils arranged circularly and extending in the same 
direction as said rotatable forming rolls, and said 
endless forming core belt Is wound around sad 75 
rotatable forming rolls by a plurality of turns from 
near the rear ends of said rotatable forming rolls 
toward the tip ends thereof, and wound around said 
second rotatable rolis by a plurality of turns in the 
opposite direction, and goes back to said rotatable 20 
forming rolls through said guide roil. 

13. Apparatus for manufacturing a plastic pipe 
according to any of claims 9 to 12, further compris- 
ing a second forming belt spirally wound around 

the resulting plastic pipe containing said endless 25 
forming core beit in said spiral ridge* for ensuring 
the accurate shape of the spiral ridge In coopera- 
tion with said endless forming core belt. 

14. Apparatus for manufacturing a plastic pipe 
according to any of claims 9 to 12, further compris- 30 
ing at least one second forming beit received in 
each spiral groove between the adjacent ridges of 

said plastic pipe for accurately forming the spiral 
ridge in cooperation with said endless forming core 
belt 35 
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